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[ gift J fljfis i ?-EWI» r t «fc o . ^ b h h a 

1 - s mmmz&m~t&> 

[«] ^m&A 1 - S i -££{1 S i : 1 3- 

2 111%, Ca : 6 — 1 2 0ppm^P : 4 0 — 1 

3 0ppm^tU P/CatfM&itTO. 6 — 6C0 

mmtzwmztix^& 0 ifc. *jas i cossa. 20 

jumJ2TFT*&. ^ a H a A 1 -S i *l 
PXtf C a^WtihP/C a*«3gfiffir<50^ffifC 

5. tiitp/c an Mf4«ie, prom 
i^caiK^^aaiiMawj, -^g*fiaK, mmu 

rami C a&tf PiOfflatftsffltcJ: O^fiS i jPftffl 
•fcSi'U JUltt, WJtt. ffifS^<a£jff&3S£fiA 1 
- S i 
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[ff^Sl ] S i : 1 3 — 2 IMS.%, Ca : 6 — 1 
2 0ppmAtA'P : 4 0— 1 3 0ppm^L, P/ 
CatfMJfcTO. 6— 6<D|fflfc:£>& d £ ^itt 
£2niittte»ifc*SI&A 1-Si^ 0 

[ HfcfcG 2 ] M S i 20 u mVATV2> h If 

jfcE 1 gffcOj&HcJiA 1 - S i ^ Q 

[ igf^i 3 3 a i - s i ^comm^ttix 

ppm, C a^ti*56 - 1 2 0 P P mtlOP/C a 10 

cDS£Jt# 0.6-6 <o«fflfc:& & J: o izmm L . Mia 
$88&£S53t-r & £ £<Bffifc-«ifiife&A 1-SiM 

imem4 ] mim,3%m<7>n.m.\kp/c mm 
um&f&ftvm , p mm%xf c a t m m 

m, <&&mm&m, mmm&sibvm, 

s i &&<?m&jm. 

m*t&mm{3wmcoM&&A i-si ^oaus* 20 

[0001] 

[^_b^ij^»3 «WItt. MS i ZfflMrt-Z 
ztizx 0iKtt£toJi3i£fc3«fiA 1 - S i 

[0002] 

Jft^AA 1 - s i ^I^«£vh£ < . Itefctt 

ftAl-Si «»*>ms i tfjiaw-* £ i: IC 
jeHtTflfehJtas*Ktt^M^&*«. ms i &±t* < 

(c. MS i tcSEW&^S^y • 40 

Ji\ f&*&£*fUBUfc*K #HflB85 2-l 29607f 
«:^^>iil> i 5 tMJ±Si£t: i o t r/l/$ - ^ a 

ho 

[ 0 0 0 3 ] T)V $ -^A-^#^?r P £»T & £ fc 
ioti, Ms i ^M«a^tH, PMD 

efc#£Hh>T^&. s§an£*Lfcp«. AJRlStft^&Ai 

P i^JRISMt^JBjA 1 PtfULftS i coffltm 50 
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52-15381 7-t^RTl4. * U Vlfcf- h 

otl^ 4 ^036 0-2 0 4 84 3#&fB*C 

ti. cu-pm, fm, v>mv-r, wmxivv 

V&mcoM'kGWSTl 6-2 5tt%^'j3y^ 

irMwyir/PS - s i ^ taw^s 

[0004] 

[^0^1?^LJ:oh^ij|0] LfrL.itemm, D 

«. mmmt Lx\m-r& t # . Mxmzwf&m& 
si comtummtft&o ms i «i:ti>pa 

Oftfflli, ifi£hHiA 1 - S i ^j^N aXiiC a 

rnxmimmm r mm 5 9 *w \ a >> u n y ■ r;p s - 

( I ) J 1^2 4- 

2 5KTii. ac^J: d »^^^ITV^ 0 j&Hh&A 1 - 
S i ^IZ-tttlX^Z N aXtXC a*sp fcSJtBtXN 
a-PMCa-PMU MS i<Ottb»Kfcfc^ 

-t^a i po^^s&tf hixh« 
[0005] wteh^ ms i cowmtzm^tiPffi 

Ai-si^:Pi^T^ caii. ^H B H si^55: 

h^A 1 - S i-^A^feV^Tli, C a^MS iEM^O 

ailz£&^ B ®M<V&&imzmM-t&Ztfrt>. Ca 
tiofi^aA l - s i ZbW&fr~?tz« 
*<?>t&>^ Z.CD% t CO&&lZ&\,\X ^ MS i^S^&l^ 

m4Uz£^xmL®m*\in±LJ;ob-t&b%. p%m 
t p ^ ^raT^p^coira^^v^ yx^zm o . 

fL^ifi^ftA 1 - S i l^&££|#r« I>^r S^t'T 
[0006] 

mmzmm-ztetbco^m *im* b h b a i -s 

i^ti. ZcomiftZmfcttKLib. Si : 13-2 1 
C a : 6 — 1 2 0 PPmRl/P : 4 0 — 1 3 0 
ppm^ft, P/Ca^JttJtT'O. 6-6<7)fgffl 

^sifc^^fifct-r*, «r*=. ms iii. wm?2 

0 m JSITT* ^-I^ tmt L V V 
[0007] -ICOj&^bA 1 - S i Mb h bA 1 



-s i^»^ri^p^ca&, mmm 

t«P^i^4 0-13 0ppm ( Ca^tljf)^- 
120ppmT'loP/Ca(7)lij:t:^0. 6 — 6^$E 

miz* & J; o izmm t „ ttria^^^-r h ^tizx^o 
wmztit, zzx\ Mjtp/ca^. mMmmco&L 
■ftim, pmfmx/c a,mwmmtmimmm, 

mmmi&mtmm, mtfx&ft, mm&m 

[0008] 

[# ffl] i&fetl, A 1 - S i P h . A 

1 P^^^J^^il^. <I<7)A 1 Pj^W^ 9 H B S i 

j£U »ai p&#fct^*>t#>. pt,z£&mm 

fsw^a. }&±t|?,A i - s i (,zpr?sc eL*mmmm 
Ltitt. pm&mnn^^^tmLx^s i 
< imBikztiT^&z\t*mmmzm%Lti a ^ H H H s i 
tfwmik L^m^mm^ xMAizx^om^Ltit^^. 

am^P^^OCa-P^^ffM^ttl)^. Ca-P 

iti^tmtL^timitzfohtz. m*cDMWtim% 
o . aj&s i co&ftizx *)^mttmt LXM< z\t*^ 

[0009] *$ktmm&. r^ H H a s i <?mm*ii 

-XJ±£<5:<7)£5i,ZjmLti« AlP^, Cu-P|, 
Al -Cu-Plf^M^liPi^ftfi: LXM 

±y|A i - s i ^^^a^tt^Pfi. &mmik-&ty}A 
iPkLxmm*i,ziPCELx^6 0 zcommzmmttz 
mmtrnztix^z x oiza i p^'mas i com 

tLXM<» ZtilZttL. P&tfCa^fl,^, 
A 1 Pcr>mt,Z-P$l<VC a-Pfl^M^j££fl& a C a 
-P-it^mi±, A 1 PiCjfrRLT. WIS i tf&fc-th 

tziz^m^&mt . *djis i s—ifWHHt; 
t-i). u>>u mm^m^z^mm^-tht. mm 

CJ;oTCa^#K:i^ »«Ca«f§J: 

5 & . ircom^ wb^m&mc a - p ^jia^*^ 
a 1 ptmzsmtm&mt Lxm< £dt,z%*). 
mr H s i<7)tm®ik&^wz%& a 

[0 0 10] Ca-P-fb^fej^^Si^fcLTift^ 

^&tztbi<zte^ MmwM^Ttu^-^^itmMttztew 
i)S4jtP/ca$ro. e—b^mmtewm-h^btf 
xmxdbh. mmmm^mmtp/c^^o. 6-6^ 
^f^Rso. Kt^TMzmtf&nticojjmzmmL 

p ays £jtR t r-JBisMn^ l timmmmtm t> ti 

® mMmm^mmtx^Mmttztev&caMtpco 
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© f^tes^p ^^ft-s^A i - s i &&&m 
m, m&Lzmy&n&j»c* *»a i-si^ 

® C aat/"P?r#^ ^v^ft H a B A 1 - S i ^Sr^fi? 

ftAi-si ^zmmmtztfUMm t . c axt* p 
io © fr»®^<^^TCaa^p^^s-fr3t3ftft 

b h bA 1 - S i ^^fiifCWflfU C a^« 

[00 11] £*UfcT\ Call P^Ci^WH^ 
feMJi. P/CaJt, Si^tCmCa&I/P 

mm, mmi&m, i&&&mMxco<%mmmmz 

hti&« tthh. Wiifr^iWm^X%:<. Ca- 

pit^wwb^mt Lxm^^^mizfo^zttf 
jmtLxmfbti*. "tz\x\ m&nmmz. ztcb 

[00 12] Ca« 

LfcifcfcJiA l - s i ^^^^l»^cOMtL^J;o 
T ^> . jfi^AA 1 - S i -^(c-^^^-l) CI t I) 0 

-cai^^, it-tm, mi&wmbLxmtit, # 

Ca^i^iifS^yhn-^tu^^ii 

mmm>m^A i-si ^(cm^*^c a^m&irr 

^«^f, I^»fWIgtCa« 
L. «86*<50Ca#«*iES8t3 3>'bn-;^&ifc 

40 SSfc^Ca^JbW^r. TO 

[0013] jfflWaoiKWA 1 - S i ^itCa^i 
Jnt"£ h ^ . mmz&fti C a#«*JtRWjE58fc:3 
y h n-;p-r^ ^ 5^T# . ^ H B H S i <?mmtt.l> §MM 

v)fthti&« Ktz-if, mmwMizc a z&ttt tTE 

50 C0^ H H H A 1 - S i ^:Ca^t, I^Citl 
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?zb%. Ca<^®9#7 6 — 9 4%£|6l±'$-*fc# 

mMUmcoM^A l - s i &&!,zmir2>m&}tP/c 
aifiO. 6 — 6. Ocr>mMzfo&t%. Ca-PO 

JKi. 3ftft&A 1 -Si^^^MM^tSi: 

tz. C a4«<^tt&*Ktt» «y&A 1 - S i 

Ca-MT«Bf3«Slitel«tfc«. AvifiWmifriS 

[ooi4]^, c attmimfrL. mtttp/c 

a ifi 6 . 0 £0*. Sfc. C a - P^^^WEMtfM^ 
^F-h»"*C$>l>o SMJfcP/CatfO. 6*jfTC 

MVP/Ca,tm<%:&b. fcJUsna, c afcgsjnc?) 

^■J: 9*>tft6ffi<&&o MSJtP/Ca#0. 6* 
iSfclSr&fc. Ca-PM^Cai^^'^ <I 
^% H B S i ^fi&fc LT»6«Sr\»«* t<=5r^#S§ 

CaM1^12 0ppm^li.^J:, MftttP/C a 

**o . 6*jirc&*uartfffts i tfawMfrr&tf. 

WHfc#*t<ffiTU i«i^Jttft»WltL« 
<3r& 0 r<7)jft&>£>. C a^«(7)_tRS(i. 12 0pp 
mteSj&&*l*. ffi^u Ca#«^)TRSii. P = 6C 
atP = 40<OMB (E97#jf9) «Sft***»£. 6 

[0015] pcomu 

pit. cawtKUTRjesffi^fiv^ zcofztb. mmm 
miz^tbPzm^zMx&^zh. m^mmmzp* 

mnLX i> . PMifcrJ: *&m«IISWfc:£*>&5:v*. 
Ttl^ ifc. ^Br^M^PSr#^^ii^Al 

- s i ^x«±«j»JK^^jj¥tfca, c ammzmm 
&LxmK><7)P*m\rtz>z\ti>z**&o pw. p#lr 
fl^fej, E£*8t£*»:K, flKK. ««. 

CD P £#trift£fiA 1 - S i ^Xti»»JR^3W 

© p ^**^a^ftA i - s i 

<3> P **4*ViJKWA 1 - S i ^XttjfflMtfftfiO 
3» ^«P» Ca^fln - 

© P Sr^£3:^«yfcA 1 - S i ^X{»l?ra^ 

mm -mm 

camtw — pmn - mm 

[0016] P-£«t±. Ca-Pj^WCiSMS 
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i ^M<L£«£-^&_t/C\ 4 0 - 1 3 0 p p m<?M 

Si: US: 0 . JSMA 1 - S i ^*SSB*EB<0A 4T 

<. «5«l±/hSV\ Srfc. Pttf^4 0ppm*I 
Tte. MS i *mA4£tZftmitt-Hfr?*>&. ta» 
U 13 0ppm^tBx^P#«T'ii. m&Si&U 

U iMv^^«^l»^L«<^«. p^ 

3 o p pmtuicops:^«^ r tmmifzmtch 

So 

[00 17] P/CaJt 

P/C aJtti. «JbWHtS&*^# 3rfW£ i^S^X'*) 
P/Ca££AJtT"0. 6-6^®B(c«lfirr&C: 
0 , MS i OtMCWjrC a - Pfl:£W* 

- Pit^wwmm t lx^^z^-^-wl u 

20 «JM«b^fl^&c P/Caftfttb^O. 65fe1TC 

JKOftV^C a - PtfH&fc&fu IWSift^io 
TCa-P Yb^-W^ C a j&sj&J^ £ £ J? 4 t V ^M^Z 
£9. ShSfrKJ: tT^ffl*MT*i^fc#*.&*i&. 
mz, P/CaftftJtj&*6£j@i_Sfc. Ca^iU 
JFM^fL^ C a - P-ft.^C7)«^^-r^ . 

[0018] si #^rfi 

^r*^i 3—2 im&%commzfo6j&^ B A i-si 

M^oc a^p ^#^r <r fc ^'^^^ih^ 
isr. mm&ft*m&i l zayhu-)u*t&zbi>sm$zzti 

^ 0 ^7"c. ifi^tftA l - S i ^cymEZ%htztb. s 
[0019] J^^SJS 

Caa^P^«ffl^#ffl^^;t3^»$^^_bT\ Si 
^-h^^j»-rS i o C^ b bA 1 - S i 7 
40 6 0—8 5 Q°C<m>B£mxmffr?h Z. btfWt ten 
5S»iaKli. s i#^rS^it^JtT^<l^$tiS. t 

j^t. ^<D&uxi$ffit&z\bi,±. mmcotztbeox.* 
ti>*?-m£:zm<tt'fr l QX"%< . mmtTcojMtrzm? 
h^mz^m^L^w zz\x\ mm&&co±m$:. 

[0020] mmmmm 

^Ca^M^MMA 1 -S i^tliCai 

n&mmz^vm 

50 «jrrstm**r*, ca^i^Mt^^i c 
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o . 6-6 . ob %&nmmmt,zm&Lte&. 

flfcfr. MJtP/Ca^'O. 6 2rT0^ iotciifj 
«?)C a £^r$-£fc36ftfiA 1 - S i I^TkL C atC 
J:&«f[;tf«;L Ca^Mf^^ti^^. -&&m 

3r£<5£"JK2r£ 0 tlbtlf. 6 1p P mW^18 
OppmCa Z-k^ZMfSM^A 1 - S i 7 
6 0 6 Cd^Uc^, ^1 OO^fJHeCatZi&SM 

[0 0 2 1 ] #S^Ca^^$^^^A>tt^^ 

*SMftfcfcP/Caj&*0. 6 Jaii^m^"* 

fifiJtP/Ca# 
0 . 6 J^JLttSro tz b % . ®tbT C ate: J; &fifcffl^ffl 

ttI««-^TtUtP/C a^'0 . 6£jtM;?.& 
t # . ««£^«fl» . i <nz\ b tt. C atf0«^ 
ttf^T, MSi«:tMfcUi<Ca- 

[ 0 0 2 2 ] C a^«J&*^*£\ MJtP/C a# 

o . 6 VLht&t twmmfik&mmtmK ar&«t\ 

HKteRsafflfc: c a#M£ > ha-;Ptl. * # 

xo^^ut. zcomimm&x/mitmmmzc a ** 

Ti5^iM*t'ttitP/Ca^0. 6-6. 0<0 

[0023] mmmz 

U -^mWffl^&i5^CacoS*i3&«»L<5S: 
^flsWfcrfi. s i -£«3s<Dia*;J&A l - s i ^C7)fi5t 

4«t^*«j3t> a i - s i ziTm^mmcom 
mm+ (7o—i7o) x:<nm3amszmEm&&nM 

*t& . Jtfc it*. Si^l 5SM%#Wt-^^ H H H A 1 
- S i ^#T1iM}°^£ 6 8 OUliit. Si^l7 

mmxiirtt&m&ihA i-si ^e«8itaiJK£ 7 
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1 O'Cmil:, S i £ 2 0S4%-£*-r-65fi3h&A 1 - 
S i ^£*CJi«8i*BJK£ 7 6 0'C£Uik:tfc5&rS . 
[ 0 0 2 4 ] C a-£«{±. flfi^OSBe^C J: oT 
ffrTS. J8t>5r^5QSICJ:oTCa^«i4^:S< 
f£T-r^o «I<^)i:^^Ca#«c7)<£Ti±. MrfMzfe 

m^&tfxcoms&mtfxmsmtzx oTr^« 
10 Ai-si^ti. temmnmbLxe. oms%m 

Wu, 2. 0H%filT<OM8, 3. 0S*%J2TF 
WNi, 2. 0Mi%lilTOM n , 1 . 5%M%iilT 
cOFe, 3. 0ti%OT^Zn, 0. 3Mi%iilT^ 
T i ^f&i^tfZ. b #**C# h o Cufct gfiJK. 
JS£ft±£-^£. Mgli 3$J«£ft±£l*-&» Nitt, 
W^ScOr^ite^T^^o Mn, Fe, Zn, Ti 

r, Cr, V, Com<7^mWm\t. 0. 5fi*%J2J 

20 [0025] 
[WJ] 

HM*J 1 : T1V 5 A^A 3 9 0lCCa^P^l 
*<0ffl^CE^U /^ytfFtSBffUfc. C ateA 1 - 
5%Caf^^h L/C. PiiCu-Pf^#t 
LT, SIKi^S i : 1 711%, C u : 4 . 5M 

%atXM g : o . 6 ss% ^^r^> a izmmmmzm^ 
us, mmim.it. s i ^citrs 8 o oicicr 

1 8raraM§ 9 0 m m O&MX'iffiM. Ltl . %ktrfz 

30 mmz^x, ca^aat^p^Jisr^L. m& 
T, KiW-^Ui. ca^^fnrr^rh^<p^s^ 

Sill ^OIV^^dToTV^, ffe^T. ^6 0p 
pm(OC a£tt$ttmm^2%.V ( 3X?te. %)&S 
itfl 5 Mm &tfl SumbWibXmWtZtLX^tl. 
ZCDZtfrtj, CaMP COftff^Wa S i «9jht 

[00 2 6] CaH SOppmbmMZttZlttM 
40 ^^4 Tii. P«»«#f 1 iZitm LX . O 

^4 ^^^^^^(C 7 6 0 Q CT 1 Lft b Z. 

fflim^lZfr&tl&Xofo^ Ca^W8 9p 
pmiTS^ti^C Ca^tN'PcO^r^j:^^ 
S i tf!)fWB^ffl*^««*LrV^ . 
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[00 27] mMM2 : S i : 2 111%, Cu: II 

m%, Mg: imM%&t>*Ni : iti%mti.r 
f»6«±. p^ciortoas itf>«MiM:*H^fct>*20 »2] 

3? 2 : WHS I ©tgt&STC a&tf P^Tfi<Z>IMS (A 1 



* ore* 5 a*. 3 o^mfcfv«s ij&*£j££*rc^ 



-2 1%S i) 





CC) 


Ca^lff 
(p pm) 


p »mm. 

(p pm) 
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P/CaJt 


ft ffl 
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8 0 0 
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1 1 5 


3 0 li m 


1 1 5 
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7 9 


12 1 


1 0 


1. 5 





[0 0 28] $mm3 : Cu-Pf^WhUP^ 30 

3 90?:, 8 2 0 o CT7W$?U ift^7 8 0*C2W 
j&S 1 5 0 mm/MM^ 7bh v7"«Kfefc: 

x^^9smmcomm^mmmttz a n^tt^mm 

1 ) TliMS i &5 0 vmT'fo&cottZttL. P&.VC 

azwmministimm (M2 > -m. suss i *^t< 

2 OMmkWSMkLT^&ZktfPlh. 40 
[0 0 2 9] HSfe^4 :#^8 0ppm^P^^rr&r 

^5-^A^A3 9 0 (Si : 1 7Sfi%, Cu : 
4. 5Mfi%, Mg : 0. 611%, 38SHA 1 ) Sr/l^y 



1 -5%Caf^MCajHtl OOppmfflU 

800 •cosasrtis* (Dvomm b?tfjL n 
mn&mizm&Lti. ^^titzmmiz^x . caM 

P*ra<9* (CaiJtif) mWL^EIo^^ 

#^8^jt®jtT. c a.mm?>&&mbz 5-1 2 0 

fffi&LtitkTmt L KWm^ 9 - 1 2T1i. fc^S 

■OT0>lBifc#fc*^*^*^Lfc^ Lj&»U Ca 
£**#6 PPm^Ttll^fl^P/C aJfo&S6J2TFfc 

[f!3] 
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[0 0 3 0] HM^I5 : ^SOppmcOPSr^-r-Sr 
^5-^^3 9 0 (S i : 1 711%, Cu : 
4. 5M%, Mg : 0. 611%, 8§§BA 1 ) tCCa 

* 5 o p p m»iu m&M& 7 6 o°ct^hmim 



4-1 7t(t «miBI<?«3ftfc^C aUr 
ZimiZ fo&ffi, C a 6 p p m £ 
TE£&Vv^TT1i?^2 0^miilTO»^H B HS 
20 ijW£j£L/Ovfc. U>LJ^M>3 9 0^1< 
C a^IW^ J; P/C a^7 

[|£4] 



ttft 
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p ftmm 
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Ca^tl 
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wms i 


P/C a 
Jt 


3 ffl 


1 3 


cagsmfr 


6 3 
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3 2 iim 
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1 4 


5ft 


5 7 


4 2 


1 0 


1. 4 




1 5 


3 0 
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3 6 


1 5 


1. 7 




1 6 


6 0 


5 2 


3 1 


2 0 


1. 7 
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1 7 


3 9 0 
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40 
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[00 3 UWJ6 :^60p P miOPmtl.7 40^WfeM4 t IrJ t^T£§^£IS!j£L£:. #&*JtSI$|fc 
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PURPOSE: To improve the workability and the 
machinability of a hyper eutectic Al-Si alloy by making 
primary crystal Si fine. 

CONSTITUTION: This hyper eutectic Al-Si alloy 
contains 13-21wt.% Si, 6-120ppm Ca and 40-130ppm P 
and is adjusted to the range of 0.6-6 by wt. ratio in PI 
Ca. Further, the grain diameter of the primary crystal Si 
is made to be <20 /i m. The wt. ratio P/Ca of P and Ca 
contained in the molten hyper eutectic Al-Si alloy is 
adjusted so as to become in the range of 0.6-6 in the 
condition just before casting to cast the molten metal. 
The wt. ratio P/Ca is adjusted by the operational 
condition of component adjustment of melting raw 
material, adding wts. and adding times of P raw 
material and Ca raw material, alloy melting temp., 
holding temp, and time of the molten metal, degassing 
condition, casting temp., etc. By a multiplier effect of 
Ca and P, the primary crystal Si is made fine and the 
hyper eutectic Al-Si alloy having good workability, 
machinability and wear resistance is obtd. 
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